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Abstract 
Identification of accelerants in fire debris evidence can be difficulty due to evaporation of the liquid, matrix interferences, and thermal 
degradation of both the liquid and the matrix. In this work, 1ml gasoline was spiked onto 10g soil matrix (5pieces). The ignitable liquid 
residues were extracted using 30ml Hexane and analyzed by gas chromatography-mass spectrometry and the interpretation of the 
instrumental signal. Of the four samples tested, the most compounds in gasoline are not detected from soil matrix after 7days except 
Naphthalene, Naphthalene-C1/C2/C3 and Benzene, pentamethyl-. 
© 2012 The Authors. Published by Elsevier Ltd. 
Keywords: fire nvestigation; solid-phase microextraction (SPME); gas chromatography/mass spectrometry (GC-MS); volatility  
1. Introduction 
Arson, the deliberate setting of a fire to destroy property or to take a human life , next to natural disasters fires cause 
some of the greatest losses of property and human life around the world. But is a crime difficult to investigate since 
evidences at the crime scene are frequently destroyed by fire. The cause of fire is investigated through the interpretation of 
the fire scenario and by the collection of chemical evidences of the presence of fire accelerants residues [1]. Whenever 
accelerants finger-prints are observed in the deflagration point, it must be investigated possible criminal origin of fire. 
One of the major objectives in the investigation of any suspected arson is the isolation and identification of residual 
accelerants from the fire debris [2]. However, the identification is complicated by a number of factors including evaporative 
losses of the liquid and the presence of matrix interferences, as well as the procedure used to extract the liquid from the 
matrix. Due to the heat of the fire, the more volatile compounds in the ignitable liquid evaporate, which changes the 
chemical composition of the liquid [3]. With the publication of the National Academy of Sciences, National Research 
Council report, “Strengthening Forensic Science in the United States: A Path Forward”, there has been growing awareness 
of the need for statistical evaluation of forensic evidence [4]. Such evaluation would be ideal in fire debris analysis to provide 
an objective decision-making tool to assess the association of questioned samples to reference standards. These procedures 
provide a quantitative statistical assessment of the comparison, which is not possible based on a visual assessment of 
chromatograms. Lennard et al. developed a method for the identification of ignitable liquids in fire debris samples based on 
the presence of target compounds in the chromatograms [5].Tan et al. used PCA and a soft independent modeling of class 
analogy (SIMCA) approach to classify 51 ignitable liquids according to classes defined by the American Society for Testing 
and Materials (ASTM) [6]. Baerncopf et al. used PCA and Pearson product moment correlation (PPMC) coefficients to 
compare simulated ILRs to the corresponding neat liquid [7]. 
The solid-phase microextraction (SPME) was invented by Pawliszyn in the early 1990s [8]. It is a much simpler method 
that uses no pre-chemistry or solvents in which a phase-coated fused silica fibre is exposed to the headspace of the sample [9-
10]. Eric S et.al [11], reported the effectiveness of headspace SPME as a solvent-free sampling technique for the recovery of 
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accelerants. K.G.Furton et al [12] presented the experimental results for explosive and ignitable liquid residues demonstrating 
the relative effects of major controllable variable and optimized the method of SPME. Elisabeth Rianawati et al [13] 
optimized and validated the SPME method for analysis of polycyclic aromatic hydrocarbons in rainwater and stormwater. 
In this study, 1ml gasoline was spiked onto soil matrix that was subsequently put into natural conditions. The 
chromatograms resulting from the soil matrix with evaporative time present the both evaporative loss and matrix 
interferences. 
2. Experimental  
2.1 Materials and Reagents  
Hexane (purity =100.00%) is purchased from Honeywell. Gasoline is purchased from Chinese National Petroleum 
Corp (CNPC) in Guangzhou. The soil matrix underground 30 cm obtained from the east campus of Sun Yat-sen University. 
The crude soil (200g) is dried at 120  for 10h, and then sieved by 20 meshes. 80g soil sieved is purified by Soxhlet 
Extractor with 60ml dichloromethane (Aladdin Chemistry Co. Ltd) at 60  for 10h. Then the soil heat in a muffle furnace at 
250  for 2h, after that heat at 400 for 2.5h. Under the condition of sealed and natural cooling of heated soil and stocked 
in dryer. 
  
2.2 Instrumentations 
After SPME, all extracts are analyzed by gas chromatograph-mass spectrometry (GC-MS) which is used in the entire 
experiment. The injector port is set to 250  and the carrier gas used is helium (He) at a constant flow of 1.0 ml/min. The 
split ratio was 10:1 and the electron impact mode is applied for MDS operation, choosing 70eV as the electron energies, 
while the ion source temperature is set to 230 . The scan range is 18-350 and the solvent delay is 3 min. The details of the 
program used in GC-MS analysis are as follows: The initial temperature of the GC oven is 40  and hold for 3 min. The 
temperature is increased from 40 to 100  at a rate of 2 /min and hold at 100  for 5 min. The temperature is then 
increased from 150 to 250  at a rate of 5 /min and hold for a final 5 min. The total run time is 73 min. 
2.3 The samples preparation 
Soil sample is divided into four parts with 10g and 1ml was spiked onto every sample. Making gas chromatograph-
mass spectrometry (GC-MS) testing at different evaporative times (0day, 1day, 4days, 7days). 
3. Results and discussion 
3.1. Compositions of soil matrix 
Soil blank is subjected to GC-MS analysis as described above. The result for analyses soil blank and chromatograms 
are shown in Fig 1 and the most frequently encountered compounds from analysis soil blank of only two substrates are 
listed in Table.1, such as Phenol,2,2'-methylenebis[6-(1,1-dimethylethyl)-4-methyl- and Eicosane. There may be additional 
compounds of interest present in the chromatograms that not listed due to Matching Degree is less than 90% or content is 
more less than others etc.    
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Fig 1 Chromatogram of soil matrix 
Table 1 Commonly encountered compounds resulting from soil matrix 
No. R.T(min) Area Pct(%) Library/ID Formula Qual 
1 66.90 15.87 Phenol,2,2'-methylenebis[6-(1,1-dimethylethyl)-4-methyl- C23H32O2 94 
2 68.78 13.59 Eicosane C20H42 96 
3 68.84 11.47 Eicosane C20H42 95 
3.2. volatility of gasoline in soil matrix 
The most abundant components of the chromatogram have been identified through the use of mass spectrometry and 
listed in the captions of the figures. The mass spectra of soil matrix with 1ml gasoline for peaks of interest are compared 
with each other at different times and the spectra under the same chromatographic. Fig. 2 illustrates the chromatogram 
resulting from the analysis of soil matrix with 1ml gasoline after 0day and results are shown in Table 2. Fig. 3 illustrates the 
chromatogram resulting from the analysis of soil matrix with 1ml gasoline after 1day and results are shown in Table 3. Fig. 
4 illustrates the chromatogram resulting from the analysis of soil matrix with 1ml gasoline after 4days and results are shown 
in Table 4. Fig. 5 illustrates the chromatogram resulting from the analysis of soil matrix with 1ml gasoline after 7days and 
results are shown in Table 5. 
Chromatogram results are shown in Fig. 2, Fig. 3, Fig.4 and Fig. 5 and the data are shown in Table 2, Table 3, Table 4 
and Table 5. Many of the compounds, such as Toluene, Benzene- C2/C3/C4 and Indane, frequently encountered after 1day. 
Naphthalene, Naphthalene-C1/C2/C3 and Benzene, pentamethyl- are detected in soil matrix after 4 days, at the same time 
Toluene, Benzene- C2/C3/C4 and Indane are decreasing or disappearing. There are some new compounds are detected in 
soil matrix after 7days, such as, Anthracene, 1,2,3,4-tetrahydro-9,10-dimethyl-, Phenanthrene, 4-methyl- and 1H-
Cyclopropa[l]phenanthrene,1a,9b-dihydro-.  
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Fig 2 Chromatogram of soil matrix with 1ml gasoline after 0 day 
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Table 2 Commonly encountered compounds resulting from soil matrix with 1ml gasoline after 0 day 
No. R.T(min) Area Pct(%) Library/ID Formula Qual 
1 4.87 5.65 Toluene C7H8 91 
2 8.40 6.86 Benzene, 1,3-dimethyl- C8H10 87 
3 8.93 10.68 Benzene, 1,3-dimethyl- C8H10 91 
4 9.99 6.10 Benzene, 1,3-dimethyl- C8H10 97 
5 13.30 2.85 Benzene, propyl- C9H12 90 
6 14.02 9.04 Benzene, 1-ethyl-3-methyl- C9H12 90 
7 14.35 2.75 Benzene, 1,2,3-trimethyl- C9H12 97 
8 15.01 3.62 Benzene, 1-ethyl-2-methyl- C9H12 91 
9 16.06 9.51 Benzene, 1,2,3-trimethyl- C9H12 96 
10 17.75 4.42 Benzene, 1,3,5-trimethyl- C9H12 93 
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Fig 3 Chromatogram of soil matrix with 1ml gasoline after 1 day 
Table 3 Commonly encountered compounds resulting from soil matrix with 1ml gasoline after 1 day 
No. R.T(min) Area Pct(%) Library/ID Formula Qual 
1 13.69 8.98 Benzene, 1-ethyl-3-methyl- C9H12 95 
2 14.77 3.70 Benzene, 1-ethyl-2-methyl- C9H12 94 
3 15.70 14.71 Benzene, 1,2,3-trimethyl- C9H12 97 
4 17.49 5.41 Benzene, 1,2,3-trimethyl- C9H12 95 
5 18.27 3.09 Indane C9H10 91 
6 19.56 3.01 Benzene, 1-methyl-2-propyl- C10H14 94 
7 20.07 3.00 Benzene, 1-ethyl-2,4-dimethyl- C10H14 97 
8 21.85 5.82 Benzene, 1-methyl-3-(1-methylethyl)- C10H14 95 
9 23.89 3.05 Benzene, 1,2,3,4-tetramethyl- C10H14 97 
10 24.20 4.81 Benzene, 1,2,3,5-tetramethyl- C10H14 97 
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Fig 4 Chromatogram of soil matrix with 1ml gasoline after 4 days 
Table 4 Commonly encountered compounds resulting from soil matrix with 1ml gasoline after 4 days 
No. Peak R.T(min) Area Pct(%) Library/ID Formula Qual 
1 10 28.22 2.78 Naphthalene C10H8 94 
2 18 35.10 1.96 Benzene, pentamethyl- C11H16 91 
3 19 35.93 5.80 Naphthalene, 2-methyl- C11H10 95 
4 20 37.28 4.12 Naphthalene, 1-methyl- C11H10 96 
5 25 43.43 3.09 Naphthalene, 2,7-dimethyl- C12H12 97 
6 28 44.11 3.40 Naphthalene, 2,7-dimethyl- C12H12 97 
7 29 44.25 1.87 Naphthalene, 2,6-dimethyl-  C12H12 98 
8 31 44.92 1.77 Naphthalene, 2,3-dimethyl- C12H12 97 
9 50 48.30 2.00 Naphthalene, 1,6,7-trimethyl- C13H14 98 
10 86 53.37 2.05 Anthracene, 1,2,3,4-tetrahydro-9,10-dimethyl- C16H18 93 
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Fig 5 Chromatogram of soil matrix with 1ml gasoline after 7 days 
Table 5 Commonly encountered compounds resulting from soil matrix with 1ml gasoline after 7 days 
No. Peak R.T(min) Area Pct(%) Library/ID Formula Qual 
1 2 35.93 2.45 Naphthalene, 2-methyl- C11H10 94 
2 5 43.43 2.51 Naphthalene, 2,7-dimethyl- C12H12 96 
3 7 44.11 2.88 Naphthalene, 1,5-dimethyl- C12H12 97 
4 8 44.25 1.66 Naphthalene, 2,6-dimethyl- C12H12 98 
5 13 45.54 1.48 Naphthalene, 1,4-dimethyl- C12H12 95 
6 16 46.85 1.69 1,1'-Biphenyl, 4-methyl- C13H12 96 
7 25 48.30 2.26 Naphthalene, 1,6,7-trimethyl- C13H14 97 
8 59 53.37 3.16 Anthracene, 1,2,3,4-tetrahydro-9,10-dimethyl- C16H18 93 
9 82 57.49 1.52 Phenanthrene, 4-methyl- C15H12 98 
10 84 57.89 1.71 1H-Cyclopropa[l]phenanthrene,1a,9b-dihydro- C15H12 96 
4. Conclusions 
It can be concluded by this work that compounds of Benzene-nCH3 are easily evaporative. That cannot be detected 
after four days. On the contrary, for Naphthalene-nCH3, there are still four days later. In fire investigation, maybe the 
sample was send to laboratory for analysis after fire happened for a couple of days. There may exist gasoline if Naphthalene, 
2-methyl-; Naphthalene, 2, 7-dimethyl-; Naphthalene, 1,5-dimethyl-; Naphthalene, 1,4-dimethyl- and so on were detected. 
This result offers the advantage of information for chemist to investigation fire reason. 
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